Because we found in previous work that a high fraction of antibodies exhibiting various specificities bound to glutamic acid 50-tyrosine50 homopolymer (GT) and expressed pGAT cross-reactive idiotype (IdX), we studied the activation of clones producing multireactive antibodies in 1-mo-old MRL/ lpr and C3H/HeJ mice bearing VHJ haplotype. The activation of such clones was studied after mice were immunized with GT in CFA, HP20 (an anti-Id MAb carrying the internal image of GT in the 1D region), and a synthetic peptide corresponding to the D segment of HP20.
Introduction
There are numerous reports demonstrating that antibodies specific for foreign antigens exhibit binding to self-antigens (1, 2) . The interaction of foreign antigens with clones producing autoantibodies may play a significant role in the breaking of self-tolerance, a process that could contribute to the occurrence of autoimmune phenomena.
For a long time it has been known that antibodies reacting with heart tissue (3), brain (4) , and skeletal muscles (5) are detected in patients with acute rheumatic fever. It was recently demonstrated that MAbs specific for Staphylococcus pyogenes M type 5 obtained from BALB/c mice also bind muscle proteins (6) .
In a previous study we demonstrated that 8 of 20 heavychain-variable region (VH)' J558+ monoclonal autoantibodies with various specificities also interacted with foreign antigens known to bind to antibodies encoded by genes derived from the VH J558 family. Such antibodies bound to glutamic acid-tyrosine (GT), glutamic acid-phenylalanine homopolymers, phenylarsonate, lysozyme, and polysaccharides of Escherichia coli and S. providenciae. We also found that an important fraction of such autoantibodies share the cross-reactive idiotypes of VHJ558+ antibodies specific for foreign antigens such as al-3 dextran (J558), arsonate (CRI), influenza virus (PY206), and GAT (pGAT) (7) .
Based on these data, we began to investigate the activation of autoreactive clones by GT as well as by an anti-Id antibody carrying the internal image of the antigen.
The choice of GT versus a more physiological antigen was based on the following: (a) the fundamental question of whether a self-reactive clone can be activated by a foreign antigen; (b) that GT is a chemically well-defined antigen eliciting an immune response under Ir gene control (8) ; and (c) in the GT system, we possess an anti-Id MAb that carries the internal image of the antigen defined by a structural correlate (9) the best criterion to define Ab2f3. Only two anti-Id antibodies, one in the GT system and the other in the reovirus system (10), were defined by both structural and physiological criteria as being of the Ab2f3 type.
Because we previously found that MRL monoclonal RFs, anti-DNA, or Smith antigen (Sm) antibodies bind to GT and share cGAT-IdX, we chose MRL/lpr mice to conduct these experiments because it is known that the precursors of clones producing autoantibodies specific fdr these self-antigens are activated during the florid phase of the autoimmune disease developed in MRL/lpr.
Our data show that immunization with GT or anti-Id antibodies carrying the internal image of GT activates clones producing antibodies that bind to GT and to self-antigens. Some of these antibodies share the idiotopes of both anti-GT antibodies and RFs, anti-DNA, and Sm antibodies. Although some of these antibodies use genes derived from the same variable region (V) germline as anti-GT antibodies, others use completely different V genes.
Methods
Animals 2-wk-old MRL/lpr and C3H/HeJ mice were purchased from Jackson Laboratory, Bar Harbor, ME.
Antigens
Glutamic acid 50tyrosine50 homopolymer (GT) was a gift from Dr. P. Maurer (Jefferson University, Philadelphia, PA) and Sm antigen was a gift from Dr Pre?paration ofhybridomas and purification ofMAbs Hybridomas were prepared by fusion of splenic lymphocytes with Sp2/0 according to a previously described technique (12) . Positive hybridomas cloned under stringent limiting dilution conditions (0.5 cell/well) were expanded in culture.
Antibodies from culture supernatant were purified on a rat antimurine K-Sepharose 4B column.
Measurement ofconcentration ofantibodies
The concentration of antibodies in the sera of mice immunized with CFA, GT, or anti-Id antibodies was measured by RIA. Microtiter plates were coated overnight at 4°C with antigen: 10 ug/ml, GT, 10 Mg/ml HOPC1 (IgG2a, X) heated for 15 minutes at 56°C; 1 Mg/ml Sm, or polyarginine and DNA as previously described (7) .
After being washed and postcoated with PBS-BSA, the plates were incubated for 2 h with various dilution of sera (1:10-3,000) in BSA-PBS-Tween. After being washed extensively, plates were incubated for 2 h at room temperature with '25I-labeled rat anti-mouse K antibody (50,000 cpm/well). The concentration of antibody was determined by using an interpolating computer program and standard curves constructed with MAbs specific for GT(G5), DNA(HB2), Sm (Y-2), and RF (MRL55-18).
Binding ofMAbs to Ags
The binding of MAbs to GT, DNA, Sm, and IgG2a was determined using the same type of RIA as described above for the measurements of antibody concentrations. Specificity of the binding was determined by using a competitive inhibition RIA. This technique was carried out in two steps: (a) in liquid phase, 0.5 ;zg of antibodies were incubated with various amounts of antigen (0.1-10 ,ug) for 2 h at room temperature in microtubes coated previously with BSA; and (b) 50 Ml of this mixture was transferred to microplates previously coated with antigens as described above.
Affinity measurement
This was done according to Friguet et al. (13) . Briefly, in a preliminary experiment, each antibody, at various concentrations, was incubated for different lengths of time in microtiter plates coated with antigens. The content of each well was transferred into another coated well and incubated at the same time. In the two series of wells, the bound antibody was revealed using '25I-labeled anti-K as described before. This pilot experiment was performed to establish that no readjustment of the equilibrium in the liquid phase would occur during the affinity measurement. We considered a time period to be satisfactory when the binding in the second set of wells was not < 85% of the binding observed with the first set. The affinity was measured using an RIA similar to the one described previously. Ab at a known concentration was incubated overnight with various amounts of Ags in PBS-BSA. The Ab-Ag mixture was then transferred into antigen-coated wells incubated for the time determined in the preliminary experiment. The binding was determined by '25I-anti-K MAb. The calculation of the affinity was performed according to Friquet et al. (13) and the Ka is expressed in grams/liter instead of molar/c because ofthe nature ofthe source ofthe antigens used (varying molecular weight and heterogeneity of polymers) (14) .
Study ofidiotypy
Four idiotypic systems were used in this study defining cross-reactive idiotypes on GT-specific antibodies and of autoantibodies specific for DNA (7) . Presence of cross-reactive idiotypes was determined by a competitive inhibition RIA as previously described (7). G5IdX was determined by a sensitive sandwich assay as previously described (15).
Molecular techniques
Extraction of RNA and Northern blotting. RNA was extracted from 3-5 X 107 cells using the guanidinium-thiocyanate method according to a method previously described (16) . Northern blotting was performed by electrophoretically fractionating the RNA on a 1.2% agarose gel (6% formaldehyde) in 40 
Results
(a) Synthesis of autoantibodies by animals immunized with GT or HP20. As we-demonstrated in previous experiments, autoantibodies from MRL/lpr mice bound to GT and shared the idiotopes of G5, an anti-GAT antibody. Based on this observation, we studied the in vivo significance ofthis particular binding specificity, namely, the effect of GT immunization on the production ofautoantibodies. In the same experiments, we studied the effect of the immunization with HP20, an antiId antibody that carries the internal image of GT, and of 63-4 monoclonal anti-Id specific for HA of influenza virus-specific antibodies.
These experiments were carried out on 1-mo-old MRL/lpr and C3H/HeJ mice bearing the same VHI haplotype. We chose MRL/lpr mice, because it is known that they have the precursors of clones producing autoantibodies specific for DNA, Sm and RFs that are expanded in 3-mo-old mice.
The data depicted in Fig. 1 show that 1-mo-old MRL/lpr mice injected with saline do not produce significant amounts of autoantibodies during a 3-wk period.
A slight increase of autoantibody production was observed in mice injected with CFA, which probably is related to polyclonal activators contained in mycobacteria cell wall. Both MRL/lpr and C3H/HeJ mouse strains injected with 50 ,ug GT in CFA produced anti-GT antibodies. GT immunized mice produced RF, which is not surprising based on data that demonstrated that the immunization with T-dependent antigens is associated with RF production in normal strains (22) as well as those prone to autoimmune disease (23) . Interestingly, a significant increased concentration of anti-DNA and Sm antibodies was detected in GT-immunized MRL/lpr mice.
Immunization of mice three times during a 2-wk period with 50 Mg HP20 in saline caused a significant increase of anti-GT antibodies in both mouse strains. This confirms that HP20 is a true Ab2,B bearing GT sequence in D region, function as an antigen. The immunization with HP20 elicited not only the production of anti-GT antibodies but also autoantibodies ( Fig. 1) . No increased concentration of anti-GT antibodies or autoantibodies were observed in the animals injected with saline or 63-4 anti-Id MAb.
These data clearly show that immunization with GT or Ab2,B activates clones that produce self-reactive antibodies. This effect can be related to either activation of autoreactive clones through an idiotypic cross-regulation mechanism of parallel sets (15) or alternatively by activation of clones producing multispecific antibodies.
(b) Frequency ofhybridomas producing multireactive antibodies prepared from animals immunized with GT or HP20. Due to the quantitative limitations of serum samples used to carry out absorption experiments on four antigen immunoadsorbants, anSd to study possible multibinding properties ofantibodies produced subsequent to immunization with GT or HP20, we have prepared hybridomas from these mice.
Hybridomas have been prepared from 1-mo-old MRL/lpr or C3H/HeJ mice after completion of immunization with GT or anti-Id MAbs HP20 and 63-4. The hybridomas from animals immunized with GT were initially screened by using an RIA technique for GT binding and the positive ones were further selected for binding to self-antigens. The hybridomas obtained from animals immunized with anti-Id antibodies were screened for binding to GT and self antigens. After selection, the hybridomas were cloned and retested for antigen binding activity. Positive clones were expanded in culture and antibodies were purified from suppernatant on antimurine K antibody-Sepharose 4B column.
From 1-mo-old MRL/lpr mice immunized 2 wk before fusion with CFA (0.2 ml), 146 hybridomas were obtained (designated FM series) and only one exhibited self reactivity.
From 1-mo-old MRL/lpr mice immunized 6 d before fusion with GT in CFA (primary response), 694 hybridomas were obtained (designated GP series). Four hybridomas exhibited binding activity to GT and self-antigen and one only to self-antigens. From From 210 hybridomas obtained from C3H/HeJ mice immunized with HP20 (designated CH series) two bound to GT and self-antigens and four to only self-antigens (see Table I ).
From these data it appears that a high frequency of hybridomas producing GT and self-reactive antibodies were observed in animals prone to autoimmune disease and normal animals immunized with HP20 and from GT primed MRL/lpr mice. It should be mentioned that the majority of hybridomas producing GT antibodies from secondary GT response are devoid of self-binding activity.
(c) Antigen binding properties ofmultireactive MAbs. Antigen binding specificity of MAbs was studied by RIA in which microtiter plates coated with antigen were incubated with various amounts of antibodies (1-30 Mg) and then with '25l-antimurine K MAb.
The data depicted in Fig. 2 show the binding activities obtained from MRL/lpr mice. One antibody obtained from animals immunized with CFA (FM35-4) showed a significant binding to dsDNA. Five antibodies obtained from GT primary response exhibit the following binding properties: three bound to GT and to autoantigens (GP88, GP99-5, and GP133), one to GT, Sm, and DNA (GP1 38-10) and one displayed a weak binding to GT, but significant binding to DNA (GP75-9). From GT secondary response, two antibodies (GS4-1 and GSl1-1) bound to all four antigens tested, whereas GS 13-1 was a "sticky" antibody. Among (Fig. 3) .
We also studied the binding activity to self-antigens of lB5-D7-F1O, a GAT-specific MAb elicited by the immunization of BALB/c mice with a synthetic peptide corresponding to D region of Ab2f3 (Lys-Lys-Ala-Arg-Pro-Leu-Tyr-Phe-ArgHis-Asp-Glu-Glu-Tyr-Tyr) coupled with BSA (24) . The data illustrated in Fig. 4 show that this MAb exhibited significant binding activity to DNA, Sm, and G2a. The binding of MAbs to antigens was inhibited in various degree by GT as well as by self-antigens (data not shown). To obtain more precise information on the interaction of the antibodies with the antigens we measured the Ka for GT and self-antigens of GP and H series of multireactive antibodies obtained from MRL/lpr mice. The data presented in Table II show that all these antibodies have a moderate Ka for both foreign and self antigens.
Whereas GP138-10, GP99-5, H8-1, H4-2, and H45-5 showed one log higher affinity for GT than self-antigens, GP133, GP88, and H 16-5 showed a higher affinity for self antigens compared with GT.
These results suggest that the clones producing multispeci- to GT (25 -GT (145) 197± (16) 163± (9) 311± (188) 248± (8) 188± (11) 181± (44) 234± (71) 158± (11) * Counts per minute average of triplicate (±SD).
specific antibodies obtained from MRL and C3H/HeJ mice. The expression of IdX was determined by competitive inhibition RIA as described in material and methods. Data depicted in Table III show the expression of G5IdX determined by a sensitive sandwich assay. One antibody from the GP series and five antibodies from the H series prepared from MRL/lpr mice expressed G5IdX. Because it is known that this IdX is expressed on a majority ofanti-GAT antibodies (interstrain IdX) (25), our results indicate that the clones producing multispecific antibodies activated by GT or Ab2j3 represent a subset of the available GT repertoire.
Furthermore, the data presented in Table IV show that among 24 antibodies obtained from MRL/lpr and C3H/HeJ mice immunized with GT or HP20, two share Y2IdX, three share the H1 30 IdX, and eight share the LPS0OIdX.
(e) Study ofthe expression ofLyl gene. There is plentiful evidence suggesting that the LylB subset is involved in the production of autoantibodies (16) . Because it is difficult to visualize by immunofluorescence the presence ofLy 1 antigens on hybridomas, we used molecular techniques to identify the expression of Lyl gene in our panel of hybridomas producing autoantibodies.
In a previous study, we demonstrated that although hybridomas producing autoantibodies obtained from strains prone to autoimmunity (NZB, mev, and MRL/lpr) failed to stain with anti-Lyl MAbs, Lyl genes are expressed showing two transcripts of 2.9 and 1.6 kb. Thymocytes and two CH lymphoma T  H13-1  CTG CAG CAG TCT GGA CCT GAG CTG GTG AAG CCT GGG GCT TTA GTG AAG ATA TCC TGC AAG GCT TCT GGT TAC ACC  A  R  V  A   GP138-10 CAG GTC CAG CAG CAG TCT GGA CCT GAG CTG GTG AAG CCT GGG GCT TCA GTG AAG ATA TCC TGC AAG GCT TCT GGT TAC TCA   A  N  CAG - 
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GAT ACT AAC TAC AAC CAG AAG TTC AAG GGC AAG GCC ACA TTG ACT GTA GAC AAA TCC TCT AGC ACA GCC CAC ATG GAG CTC CGG VK22 and VK24 genes, which are rarely used in multispecific antibodies (30) . To study the relatedness ofV genes coding for multispecific antibodies to those coding for GT specificities, we sequenced the VH and VK genes of two multispecific antibodies using VH J558 genes.
It was reported that anti-GT antibodies are encoded by VH genes derived from the VH J558 family (31) and VK genes derived from the VKl family (32).
The VH rearranged into two hybridomas belong to the largest murine VH family, VH J558. Schiffet al. (4) isolated 19 germline genes from a BALB/c genomic library using a cDNA probe of a VH gene used by GAT antibodies. Based on the sequence homology, Schiff et al. (31) classified VH GAT germline genes in subdiscrete families.
Comparison of the sequences of two antibodies with germline gene sequences show that they differ substantially from H10, the prototype GT germline gene. The VH gene of ******* CDR1 ****** 
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CTT STA CAC AST AAT GSA AAC ACC TAT TTA CAT TG6 TAC CTG CAG AAS CCA GGC CAG TCT CCA AAG CTC CTG ATC TAC AAA GTT GP1 38-10 shows highest homology with H 13-1 (an anti-GAT germline gene). Two replacement mutations were observed in CDR 1, four in CDR2 and six in framework segments. The VH gene is associated with a D segment corresponding to SP2.3 gene and unmutated JH2. H45-5 shows the highest homology with H18 (anti-GAT germline gene): one replacement mutation was noted in CDR 1, four were noted in CDR2, and nine were noted in the framework segments. The VH gene of this antibody is associated with a D segment corresponding to FL16.1 gene and JH3 (Fig. 7) . These data show that VH genes of these two multispecific antibodies are derived from different GAT VH germline gene subfamilies and are associated with different D and JH gene segments.
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The majority of VK genes used by anti-GAT antibodies are derived from VK1 subfamily (32) . The data depicted in Fig. 8 show that GP138-10 expresses an identical sequence with K5-1, one of the VK germline gene cloned from a BALB/c genomic library by using a VK GAT-specific probe. By contrast, H45-5 uses a VK gene showing highest homology with HyGAL-l (VK4). Because VK HyGAL-l is an amino acid sequence (23), we used the translated protein sequence of H45-5 for comparison. VK H45-5 shows one replacement mutation in CDR1 and two in CDR2 and four in CDR3 compared with HyGAL-1. Three replacement mutations around 15 and 40 were residues in frameworks 1 and 2. VK sequence of this antibody is associated with JK2 like HyGAL-1 (Fig. 9 ).
These data clearly show that the clones producing multispecific antibodies expanded subsequent to immunization with GT or HP20 anti-Id antibodies, use the same V genes related to GAT antibodies as well as completely unrelated genes like VK gene used by H45-5 MAb.
Discussion
There is increased evidence demonstrating that the immune repertoire of normal animals and of animals prone to autoimmune disease contains clones bearing Ig receptors able to bind both self-and foreign antigens (1, 2, 7) . This degeneracy of the receptor can have important implications on understanding the onset of autoimmune disease because there are only a few examples demonstrating the expansion of autoreactive clones by autoantigens.
If the affinity of binding of self-and foreign antigens to Ig receptor of such clones is similar, it may be envisioned that the proliferation of autoreactive clones can be triggered by foreign antigens. Alternatively, we hypothesized that the autoreactive clones can be also activated by anti-Id antibodies mimicking the self or foreign antigens (34) .
In this communication, we present results demonstrating that immunization with GT in CFA or with an anti-Id MAb carrying the internal image of GT expanded clones producing antibodies specific for GT and three self-antigens tested. The synthesis of RF is not surprising because it was previously shown that the conventional responses elicited by TI or TD antigens is associated with the synthesis of RF5 in both normal animals (22, 23) and in healthy human subjects (35) . However, the appearance of anti-DNA and Sm antibodies in 1-mo-old MRL/lpr and of anti-Sm antibodies in C3H/HeJ immunized with GT or Ab2,B is quite surprising because no increased levels of anti-DNA or Sm antibodies were observed when the mice were injected with saline, or with an irrelevant Ab2,B or CFA. Because of the polyclonal nature of serum antibodies, which does not permit us to determine whether the anti-self antibodies are produced by clones activated by GT and Ab2fl or are produced by other clones, we prepared hybridomas from MRL/lpr and C3H/HeJ mice immunized with various antigens.
Hybridomas producing antibodies specific for GT were obtained from both MRL/lpr and C3H/HeJ, whereas those producing multispecific antibodies were obtained only from MRL/lpr.
It should be mentioned that only two antibodies obtained from the secondary GT response exhibited multispecific binding properties suggesting that the clones expanded by foreign It should be mentioned that affinity measurements of antibodies obtained from hybridomas prepared from MRL/lpr mice immunized with GT or HP20 indicate that they are roughly similar to self-and foreign antigens. Together, these results suggest that GT or Ab2f3 carrying the internal image of GT can activate clones that produce antibodies with a similar affinity for self-antigens. Analysis of the expression of G5Id of anti-GAT antibodies showed that one of five GT primary MAb and five of eight from HP20 immunized animals expressed this idiotype. This frequency is expected from our early prediction that, whereas Ab2a specific for regulatory idiotopes expand mainly Ag+ Id' clones, the Ab2a by virtue of mimicry of the antigens stimulate the expansion of both Ag+ Id' and Ag+ Id-clones (36) . This is also strongly supported by previous data demonstrating that the injection of HP20 induces Id+Ag-antibodies and that the D region of these antibodies plays an important role in antigen recognition (38) .
The analysis of the expression of IdX of autoantibodies clearly indicate that the set of clones producing multispecific antibodies is made up of a heterogenous population. Three MAb share H 13OIdX of anti-DNA antibodies, two share Y2IdX of anti-Sm antibodies, and eight share the LPS-lO IdX of a monoclonal RF widely expressed in autoantibodies with various specificities (37) . Because it was shown that GAT antibodies, exhibiting high affinity for GT determinants, are encoded by V genes deriving from a few germline genes of VH J558 family (VH) and two germline genes from VKI family we have studied V genes usage in our set of multispecific antibodies.
This study clearly shows that multispecific antibodies are encoded by various VH and VK families, data in agreement with idiotypic analysis indicating a clonal heterogeneity.
It should be mentioned that an overrepresentation of VH J558 and 3' and VH families was observed in our panel of multispecific antibodies, similar to those observed by us and others in the case of autoantibodies with other specificities (37) (38) (39) (40) . In contrast, in the case of VK families we did not observe a biased usage of VK1, VK4, VKO0, and VK19 characteristics ofautoantibodies (30) . Some VK families such as VK22 and VK24 rarely used by other autoantibodies, were used by five multispecific antibodies that also bound to DNA. The ability to form similar combining sites by V genes from various families is also supported by data reported by Akoklar et al. (42) who showed that several antibodies specific for a( 1-6) dextran derive their V genes from various families.
These results summarized in Table V strongly suggest that the clones producing multispecific antibodies that have been expanded by GT, Ab2f3 carrying the internal image of GT or synthetic peptide corresponding to D segment of Ab2fl, do not belong to conventional subset of GT precursors.
To substantiate this conclusion we sequenced the V genes of two hybridomas producing multispecific antibodies and that, like GT antibodies, are encoded by VH genes from VH J558 family. A few amino acid substitutions were observed in CDRs and framework segments when their sequences were compared with H 13-1 and H-18 germline genes used by anti-GAT antibodies. One antibody GP138-10 uses a VK gene identical to K5-1 germline gene used by anti-GAT antibodies. This would suggest that the six mutations observed in two CDRs of VH and/or D segment are responsible for the binding of GP138-10 to self-antigens in addition to GT. The VH of H45-5 gene derived from H-18 germline gene is associated with a VK4 light chain gene used by clones producing anti-,B1-6 galactan antibodies (33) , strongly supporting the idea that clones producing antibodies binding to GT and self-antigens could originate from a subset different from GT-antibody cell precursors.
In conclusion, our data demonstrate that B cell clones producing antibodies able to interact with a similar affinity constant with a foreign and self-antigens may be expanded by the foreign antigen or an anti-Id antibody carrying the internal image of the foreign antigens. It appears therefore, that autoreactive clones can be activated by foreign antigens or anti-Id antibodies produced in the response to immunizations or infections and that such autoantibodies could be involved in the pathogenesis of autoimmune diseases.
